The Chevron osteotomy was described in 1976. There have, however, been only short-to mid-term follow-up reviews, often with small numbers of patients.
Since 1976, 1 when first described, the Chevron procedure has gained popularity for the correction of mild to moderate hallux valgus. Combining the osteotomy with soft-tissue realignment at the first metatarsophalangeal (MTP) joint extended its indications to include more severe deformities. [2] [3] [4] Although this procedure can achieve good results in an older population, 3 the main indication is the younger and more active patient. This requires good long-term results with relief of pain, restoration of function and permanent correction of the deformity. Most reports present short-to mid-term results, often with only small numbers of patients. The aim of our study was to evaluate clinical and radiographic results of a substantial number of patients with a longer period of follow-up.
Patients and Methods
Between 1989 and 1992 a total of 130 Chevron osteotomies combined with a distal softtissue procedure were performed in 90 patients. A total of 73 patients (112 feet) with a minimum follow-up of ten years were available for clinical and radiographic analysis. One patient had died and 16 had moved and were lost to follow-up. The mean follow-up was 12.7 years (10.0 to 14.6). There were 65 women (103 feet) and eight men (nine feet). The mean age at time of surgery was 48.1 years (21.7 to 69.1). As part of a previously published study, 3 47 of these osteotomies (30 patients) had been reviewed at a mean of 5.6 years after surgery (5.0 to 7.6) using the same criteria for clinical and radiographic assessment.
The indication for a Chevron osteotomy with a distal soft-tissue procedure was painful hallux valgus with an adequate range of movement (ideally combined dorsiflexion and plantar flexion of >60˚) but without a strict limit to the angular deformity. Surgery was carried out under local anaesthesia and an ankle tourniquet. A single dorsomedial skin incision was used to expose the medial aspect of the MTP joint and first webspace. Two Faraboeuf retractors were then inserted into the first webspace to expose the lateral articular capsule. A lateral capsulotomy was made with division of the lateral collateral ligament. The contracted fibrous structures between the lateral tubercle of the metatarsal head and the lateral border of the lateral sesamoid (i.e. the lateral metatarsosesamoid suspensory ligament) were released. The attachment of the adductor muscle to the base of the proximal phalanx was divided. This procedure left the attachment of the dorsal and plantar capsule and the deep intermetatarsal (IM) transverse ligament intact. Exposure and resection of the medial eminence and the osteotomy itself were carried out using the standard technique. 1, [5] [6] [7] No internal fixation was used. A medial capsular repair pushed the metatarsal head laterally with concomitant correction of sesamoid displacement and both MTP and IM angles. A similar soft-tissue procedure was first published by LeLièvre and LeLièvre 8 in 1967 as the "Cerclage fibreux" technique. Mobilisation fully weightbearing began on the second post-operative day using a stiff-soled shoe for six weeks. An elastic adhesive bandage was applied and adjusted each week for six weeks in order to maintain the correction. Patients were educated to mobilise their first MTP joint manually during this period.
The pre-operative protocol included assessment of the severity and site of pain, the need for medication or walking aids, limitations of general activity, sporting ability, requirements for footwear, problems on uneven surfaces, MTP and interphalangeal (IP) joint movement, the presence of bunion, calluses and cosmesis. This allowed retrospective conversion into the 'hallux score' according to the American Orthopaedic Foot and Ankle Society (AOFAS), 9 although this score had been first published in 1994. All post-operative assessment included examination of the patient, again using the AOFAS hallux score, evaluating pain, limitation of activity, footwear, MTP joint movement (combined dorsiflexion and plantar flexion), IP joint movement (plantar flexion), stability of the MTP and IP joints, tender calluses and alignment. Plain weight-bearing AP radiographs were used pre-and post-operatively to measure the Table I . Classification of medial sesamoid displacement according to Smith, Reynolds and Stewart 13 Grade 0
No displacement of sesamoid relative to the longitudinal axis of the first metatarsal Grade 1
Overlap of less than 50% of sesamoid to the longitudinal metatarsal axis Grade 2
Overlap of greater than 50% of sesamoid to the longitudinal metatarsal axis Grade 3
Sesamoid completely displaced beyond the longitudinal axis of the first metatarsal 12 using the centre of the head and base of the first metatarsal as reference points for drawing the axis of the first metatarsal. Subluxation of the medial sesamoid was graded from 0 to 3 according to Smith, Reynolds and Stewart 13 ( Table I) . Arthritis of the MTP joint was evaluated in accordance with the description of Regnauld 14 (Table II) . Wilcoxon's signed rank test (two-tailed) served to compare findings at different periods of follow-up. Mann-Whitney U-test was used to compare two age groups younger and older than 50 years.
Results
Assessing the results of all 112 Chevron osteotomies, the AOFAS-score improved from a pre-operative mean of 46.5 points (20 to 70) to a mean of 88.8 points (44 to 100) after a mean of 12.7 years (Fig. 1) . Dividing the AOFAS score into pain, function and alignment, we found an improvement from a mean pre-operative score of 14. The mean first MTP angle improved from 27.6˚ (13 to 50) pre-operatively to 14.0˚ (-10 to 36; Fig. 2 ). The mean first IM angle improved from 13.8˚ (7 to 24) to 8.7˚ (1 to 18; Fig. 3 ). The mean grade of subluxation of the medial sesamoid improved from 1.7 (0 to 3) on a scale from 0 to 3 (Fig. 5) .
Analysing the subgroup of 47 cases with an additional follow-up carried out after 5.6 years, we found no differences in radiographic parameters such as the first MTP angle, first IM angle and grade of subluxation of the medial sesamoid between 5.6 and 12.7 year follow-up (Table III) . Progression of arthritis in the first MTP joint was statistically significant (p = 0.009). The mean range of movement of the first MTP joint decreased slightly from 82.8˚ to 77.3( p = 0.01) between the two follow-up assessments. The improvement of the clinical variables which were measured in the 5.6-to 12.7-year follow-up were not statistically significant for AOFAS function and alignment score, but significant for AOFAS pain score (p < 0.001) and AOFAS overall score (p < 0.001) (Figs 1 to 5 ).
Comparing the results in patients younger than 50 years (71) at time of surgery with those older than 50 years (41), no statistically significant differences were found for any of the parameters mentioned above.
The following early complications were recorded: three minor superficial infections without need for antibiotic treatment and six infections which were treated with antibiotics, three cases of reversible hypoaesthesia in the region of the wound, one delayed union of the osteotomy was treated by reduced weight-bearing until complete radiographic union was seen at five months. Two patients developed partial avascular necrosis of the metatarsal head combined with advanced arthritis of the first MTP joint (Fig. 6) as late complications; they were, however, painfree with AOFAS scores at 95 and 100 points respectively. One patient had a revision procedure due to painful recurrence of hallux valgus after eight years, with a Keller's resection arthroplasty.
Discussion
Analysing proposed algorithms for the surgical treatment of hallux valgus, 7, 15, 16 it has been suggested that the Chevron osteotomy should only be undertaken in patients younger than 50 years of age 7 with an MTP angle less than 30˚, an IM angle less than 15˚ and no degenerative changes in the MTP joint. 5, 7, 16, 17 The results after a mean follow-up of 12.7 years justify the routine use of the Chevron osteotomy. The clinical and radiographic results are good, with only one revision in 112 osteotomies, due to painful recurrence of the deformity. The AOFAS hallux score improved in both pain and function and radiographic analysis showed good correction of both the MTP angle and the first IM angle to physiological mean values.
Analysing differences between the 5.6-and 12.7-year post-operative follow-up, there was no change in radiographic angles or position of the medial sesamoid. The arthritic changes progressed between these two reviews. There was a marked increase in the degenerative changes of the first MTP joint from the pre-operative values to those at follow-up after 5.6 years. We found no comparable data on the post-operative increase of degenerative changes follow- ing Chevron osteotomy in the literature. The clinical outcome was not affected by the degenerative changes, except for a slight decrease in the range of movement of the first MTP joint. Two patients developed partial avascular necrosis of the first metatarsal head, which can be attributed to vascular disturbances related to surgery (Fig. 6) . Special care should be taken when mobilising the soft tissues during the lateral release in order to avoid damage to the articular surface and disturbance of the blood supply. 18, 19 Clinical results, based on the AOFAS hallux score showed an improvement in the overall result, as well as in relief of pain and function between the two follow-up assessments. The radiographic results remained nearly unchanged.
Although most authors recommend that the Chevron osteotomy should be used only for patients who are younger than 50 years of age, we did not impose an age limit, provided that the first MTP joint had sufficient movement without advanced degenerative changes. Comparing patients younger and older than 50 years at time of surgery, we found no differences in the clinical and radiographic outcome and thus the Chevron osteotomy need not be restricted to younger patients.
Three patients had post-operative hypoaesthesia in the area of the wound which resolved some weeks after surgery. Careful surgical technique avoided damage to the dorsomedial nerve of the great toe which runs just beneath the incision.
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